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THE RESPONSE OF G ALL-INUlX ING SCALE INSECTS (HKM.LPTERA: 
ERIOCOCCIDAE: APIOMORPHA RCBSAAMEN) TO THE FIRE HISTORY OF 
MAI.LEE EUCALYPTS IN DANGGAL1 CONSERVATION PARK. SOUTH AUSTRALIA 

by P. .1. Gi i lan ' . P. s. Cranston'* 1 ik L. G. Cook 4 


Summary 

I , ii \ \ P. ! f.'u ap-.\['■)'. I 1 . y iV ('i ii ik. I. G 1 10071 The iexponsc of gall-indue iny scale insects 1 1 Iciniptcr.i 
r noeocculuv: Afitwndiji/iu Uiibsaauic'tp in lilt' lire fusion, nl ItkiIIlv euealypis hi Dunggiili ConscivmiiMi Part 
South AuslKiliu lnin\ K. Stu S'. Ami. 121(4), 137 14(i. 2ff November l'W7 

Malice ciirmiuauTies espcelully the plum cmnipniiciis, .ire ofleti tnnsidea’d in be lire-adapted hut llicrv n no 
inrnrni.ilinn on how elleeiivelv any phytophagous i ihl-cIs iv-exiithhxli ilicii ipulaxii>i«s idler u wildfire Wc 
addressed dii:. issue by studying die scale insect ccmi-. A/i/Vwiwp/iri Riiltxaamcn. in which species tniliitc 
iiMispieunits. sexually dimorpliie pills ul specios specilie morphology on f.iiisilyptus species. In early Idvn we 
surveyed die species richness mid jhundaiiee ul \jiiiKWni>iu/ pills in relation lu 1 1 re liislui'V iiiid species ul liusl 

eiie.dypi in inallee vegei.Tlinn .il thinggiili Cnnscrvaliun Part,, South Australia. I lull of llic fourteen sites surveyed 
Inal hceil Iniml hv wildfire in late 10X3. vvheieas rile ulllei seven sues li.ul nol been hiiriil lot ill leusl 43 yc-nis. 
Only die lwn commonesl id nine ■l/wiiim/dui species showed hide or ini luisl-phnil speeilieiiy l.nmj-utlbuinl 
•lies did mil differ iii species richness nor in tmul nhundunee ol \piimuplui palls limn sites hurni m I‘IK?, 
.iitfiuuuli me ivvu commonest A/ui'iumplm species differed in their responses in lire hi.sioty. l7.dK of l 
mllUni' i'liJ (jullun were eciuully abundant ul long-imburnl mid hurni sites, wheieus galls ul I mb o/mh/cv 
i Upper) were on average lour nines more ahund.nil ai long-uiihurnl Ilian ai burnt sites; tins difference may relale 
in aidcrcMii, tlispe sal sirJiegics ul the litsi-uisiur nymptis. We conclude dun ntnlIce wildfires ai intervals id 
more lliau II) years would be unlikely 10 impact di’lnlncnlallx on I he Inng-lcml survival of u diverse -SflliMliliphti 
asseinbl.iee provided ih.il some long-term unhurni ureas (refugiul remain lo serve as sources lor die colonising 
nymphs 

Ki v Wiwnx: I ire history, mailer, galls, /imw/tywiv. t v'ceoivlea. Kpmnorptm. 


Introduction 

I ire is a significant l.iclor in Auslralian ecology 
and in much ul the continent die flora is fire-adapted 
(Hiirlow I OK 1) Many plants, inc luding most 
/.In rt/rpfitv I .’Her. spec ies l Mvrlaceae), possess lire 
protected structures (epicorinic buds or lignulubers) 
from wliic'lt new growth sprouts, or have seeds dial 
germinate alter lines ((’.ill IdXla.b: llodgkinsoii & 
Griffin 1 1 )H2; Noble 14X2). Such regeneration 
abilities are particularly characteristic of plants in 
null lee vegetation dial is. woodland communities 
donnnuied by mulii-siemmed euealypis. which are 
diem.selves also called malice (Noble l4X2t tin 
many euealypis, especially malices, lire can facilitate 
seed germination (Wellington IWI| ot elmimalc 
phytophagous insects (Noble |4X2) and parasitic 
Uiisllelocs (Citll IdKIa’ Liucalypls dominale most ul 
Auslr,ilia's Hire,sled ecosystems and have eomplex 
relationships with naiise aminals. including many 
insccis (Ciieaislade & New ItMl), Ilabiiai 
manageiitenl using fire whether eonsisieul with 
history <e,g io recreate pmpnoled past Aboriginal 
land management practice) or lor hazard reduction, 
has effects lliat are relatively well understood loi 
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vegetation bill die implications lot many othei 
imp.,inmt organisms, especially invertebrates, are 
largely unknown (Hradsloeh cl ul. IW5; Krloud & 
Williams 10%). The few Australian studies of the 
effects ol lire on mvcriebrates have eoneeniraieil on 
soil and liner dwelling organisms (e g. Campbell & 

I onion I l )R|; Neumann vA (lilhufsi |W|;York. 1%4i 
or have sampled a wider inverlebrale assemblage 
using only pitfall mips (c.g. Friend & Williams 
l‘H)ftl. Arboreal insects probably survive files lcs» 
well than epigeie mid liypogcie speeics (Whelan 
10%) and, provided sampling biases can he 
addressed, should lie good candidates for studying 
die c(Teels of lire on inverlebrale populalions In die 
proem study we examine the effects of fire history 
or, endemic Austmlnui scale insects (Heiniplcru 
C'oceoidea) Unit live only in the canopy ol euealypis 
Scale insects of the genus,4/i/nmn/yVni Rubsaameii 
(I rioeoccnlael live within galls 111 .it they induce on 
I heir eucalypt hosts (Gtillun l%4n.b) In 
Apiomorplut. each adult female resides in a large, 
often symmetrical and woolly gall, usually on the 
stem but .sometimes on leaves, buds or fruits of the 
host eucalypt iGnHuit I(fx4u). fhe.se me easily 
recognised as coccoid galls because there is a small 
apical orifice through which the female can elmimalc 
her waste honeydevv and also male with the male 
Him offspring or lirsi-insiai nymphs, called craw lee 
make ilreii cxil from the maternal gall through this 
same opening and tlie.ii disperse m initiate new gulls 
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i mi suitable foliage. Tl't’ gall'' ol mail "-, arc much 
smaller lhan lho.se of I he females. rarely inure Ilian 
one centimetre long, and arc liihnlni with an apical 
orifice uml sometimes ait milwurdly-direeicd Mange 
at the apex, Tile shape of the gall of the female is 
petuliai to I he Api'ointirpha species that induces it 
regardless of I hi identity of the host euealypl Most 
Aptiiinnrplw species show some deglee ol specificity 
to a restricted range ol &trii(v/ifin species ((inllaii 
|9K4al. I piimuirplui has .19 described species 
(Chilian l9N4a: (iullatt A; lories 19K9), each ol which 
It unis characteristic., sexually-diinoqtliie galls 
(ii ncially. Apliminrplw can be idem died to species 
level in the lie Id. even by noii-sper ialisis with 
minimal (ruining. 

Stale insects are often claimed to have low vagiliiv 
llor review, see Hanks & Demin I994i because the 
wingless adult females usually spend their entire 
lives on a single host plant and oviposit there, adult 
males are short - lived and weak-flying, and all 
dispersal is due to the movement of the crawlers 
which usually remain on their nulul host il conditions 
ai-i favourable IOrealhead 199(1: Noxiel n til. 1995) 
In ApUmioi phu. our field observations in sclerophyll 
woodlands have suggested I hat there is lower 
diversity and abundance of galls in aleas subjected m 
frequent or seven: burning. This reduction seems 
unrelated to the suitability of post-fire eucalypts foi 
gall dcvelopnienl. since lln epieormic flush ol 
foliage that follows a fire resembles Hie preferred 
plant mateiial utilised by Apioiuorplm in long 
nnhiirni areas. It is more likely that after a lire kills 
lire galls and their occupants, it takes lime lot 
reenIonisation by crawlers In occur and if fires are 
Ircqucnt. 01 potential sources nl colonists arc distant, 
local populations may not re-esuiblish. This 
hypothesis remains speculative m the absence ol 
quantification ol any differences in species diversity 
and abundance between burnt and long-unburnt 
areas. We investigated re eolomsation alter lire by 
surveying the species richness and abundance ol 
1 phimni'plm m relation to both the lire history and 
iho species ol host cucnlypt in mallei* vegetation in 
South Australia. 

Tins study was underiaki'u in mailer lor several 
reasons. Firstly, mailer is j typically Australian 
vegetation that has been 111 serious decline Ira llu 
past 150 years through land clearance and other 
forms of degradation (Land Conservation Council 
I9M7; I’heul I9HM; Harris 1400). Secondly, a has 
been hypothesised that malice plain and animal 
comniunilies are maintained by episodic lire (Noble 
I9K2. 19X9). but no research has been dope in 
investigate how effectively any phytophagous insects 
ii establish their populations in malice alici lire, 
thirdly. it is easier to i vault the galls oil malleo 


cueiilypts thail on the taller lore.st and woodland 
species. 

Seale insects of Apinnuirplui are good candidates 
for studying the effects ol wildfire because. unlike 
atoie mobile insects (Whelan cl nl. I9XH). they are 
not able lo move from the their host plums a* avoid 
the flames and. although the thick wall ol' die galls 
has been suggested to be an adaptation for lire 
protection (Knteju l9X0i. the high intensity of malice 
wildfires usually kills 1 hi: overstorey lot,vagi 
(Brail sloe It 1990), In contrast to the well-known 
biases of pitfaJImg trapping and olhei methods ol 
sampling soil or liller lamia (see Whelan 1995). oar 
survey ineibod 1 1 a ApiOntiiiphti potentially assesses 
I lie loial niunliet of galls on each tree Further 
advantages of die use ol \pU»Uot‘phu galls is that 
llieir abundance varies little with season ol survey 
since (he females of most species probable live fm 
much lunger Ilian a year (L/i. Cook uiipuh.i and 
galls can remain on the trees for several years after 
the death ol the occupant, thus providing a rccoid ol 
the presence of the species at a she. Lastly, in order 
to elucidate causal relationships between 
invertebrate abundance patterns and lire selected 
invertebrate groups need to he examined at a linei 
level of taxonomic resolution Hum the order oi 
family level lhal is used in most studies iFriend A 
Williams 19%). From tins perspective. Aplointiiplm 
is an ideal study genus because galls can be 
identified readily to species level, even in Hie field. 

Vlrthods 

The work was eat tied out ill Duuggah 
Conservation Mark which was established in 197b, 
heimne Aiisiinlin4 liisi Hmsphoic Reserve in 1977 
and is now pail ol Hie Bookmark Biosphere Reserve 
This quarter of a million hectare reserve is iilv.ua 9u 
km north of Kenmaik in South Australia and lies in 
the northern half of the Murray basin, adjacent lo llu 
New .South Wales border (I ig. I), Ii includes holli 
arid and malice land systems and allows access lo 
some speclticulai old growth malice. Of particular 
significance to oar si Lilly is the documented lira 
history of Oangguli Conservation Mark (from 
National Parks and Wildlife Service. South 
Australia!. Fire lias Hot been Used as a management 
tool in the maintenance of its malice lor 
conservation: recorded wildfires either have been 
nuluially occurring, following lightning strikes, or 
the lesult of human accidents. Many ureas have no 
evidence ol burning for a considerable period 
perhaps lor over a country, or at least not since either 
1917 or 1951 when extensive wildfires bin at much < a 
the region. However, ol special relevance lo tin 
present study is a major lightning-induced lire III.a 
burn! a large central area of the reserve m Deceinhei 
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Fig. 1. Map of Danggali Conservation Park, South Australia, showing the extent of recent wildfires and the locations ol the 
14 study sites where galls of Apiowm'phii were surveyed, Inset shows location ol Danggali C onservation Park. (Figure 
based on map arid aerial photographs from the National Parks and Wildlife Service*. South Australia!. 
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14,s5 (I ig. i). .Since llien i Hit* huml uucttlypts have 
regenerated from I heir malice llgmitithcis, although 
the dead slugs nf past substantial limbs Mill protrude 
from ihc now-flourishing malice I'CgniWlli, 

We made comparisons between ihc Apiimtnrplm 
galls associalcil willi eueidypis m Lite old-growth 
null lee ("long-uiibiinit” sues) and in the malice tltal 
had regenerated alter the 14X5 lire (“bumf sitesi. 
All lie Id work was conducted in April 14%. Fourteen 
sites were chosen (Tig. 11, seven in each treatment 
lype (huml versus limg-unhuini). with die siic eo- 
ordimilcs as given in Tabic I. All onciilypts at Hie 
huml sites had lte.cn burnt completely in Ihe 14X5 lire 
and sites 6-4 were completely surrounded by posl- 
lite regenerated malice. Wc only used burnt sites In 
the central area of the reserve because we were 
certain thai vegetal ion ill this urea had been 
completely dcstioyed in 14X5. whereas the 
vegetation around Tipperary Dam and "Morgan 
Vale" Ruins and in ihc two smaller areas also hurnl 
m 14X5 on die periphery of (lie reserve dig. I) 
appeared io have been titoie patchily burnt Five 
burnt and live long -unbumi sites had tin understorey 
Willi porcupine grass. Triadiit initials R. Hr. 
(Grarnincae), sometimes as the dominant ground 
layer plum, t'lic oihci lout sites either had reasonably 
bare ground or a mixture of shrub species. 

fhe malice euealvpt species at Ihe study sites were 
littrulvplux hit niwntii Sicber e.\ LX', (svn. I. romp in 
L Muell. A Belli ex F Mud I ). /:, ihllllosQ Quin, ex 
Oxley. I. xnit ilis F Muell . fc, i>lt>t>sa I*. Muell, ex 
Mil), and L. soi inli.s |-. Muell. c\ Miq lileiililieatioii 
was made using Coslermans (]444). except that. the 
name I inirassuitt (syn. /.. cosieifti) is rctuined t M.l. 
Bmoker pers comm.) The proportions ol each 
species varied according to locality hut usually three 
ol Ihe live malice euealvpls were present at all sites 
(Table I >. Wc chose sites in long imhiinit or post lire 
regenerating patches to provide It) multi-stemmed 


malice euealvpls. of between 5 and ft m in height, per 
site. These 10 trees were chosen as representative ol 
the proportions ol each species m the local urea The 
height was imposed by the need to inspect Hie total 
foliage boih from the ground and from a 5 in ladder 
placed in the centre ol the tree 

For each tree we counted the numhei of galls 
containing live and dead Apionmrpho females. The 
surveyed galls varied in size from a lev' 1 mm tyoung 
or aborted) to more than 4 cm long, and in shape 
from cylindrical and hud-like to urn shaped or ovoid, 
Galls were recorded as containing dead lemales il 
they were old and brown or showed signs of attack 
by predators or parasitoicls. 1 Isually. the presence of 
a living cncenid was confirmed by Ihe presence of 
white powdery wax at the gall orifice, Only vouchei 
material and galls ol uncertain identity were 
Collected, so the survey was relatively non 
destructive. Voucher specimens o| galls and slide 
mounted insects ol ApUuiiorpha have been deposited 
in the Australian National Insect Collection (ANI(’). 
CSIR<). C'anheua. 

All data analyses pertain to galls containing live 
plus dead female insects, unless otherwise slated 
The galls of dead insects were included in counts 
because any successful initial ion ol u gall was 
evidence dial insect had reached the site and that the 
lice was a suitable host, Host spCcilicily within 
Apiaiiioiplid was examined by calculating the 
percentage of die surveyed trees ol each euculypt 
species that supported galls of females of each 
Apiiniwrplin species. The response id' Apitmiorplw 
species to tire was evaluated using one way analysis 
of variance (ANOVA) to compare burnt and long 
unbumi sites in terms of the total numbers of galls of 
females (of all species .summed), total numbers ol 
galls of the seven least common species (i.e galls of 
,t. niiillmicolii Gullan and A. ininihutlrs ('leppen 
excluded), anil total Apiomotplni species found at 


I van. I Site l"i uliiirs U'nmt OPS miilinyl with Inn hi,situ \ //««# i rtil’iiint tl-n) u mo hunii in tvtts dal mul tin iiiniiln-i 
"I tin s ,jf ,wh «/><•<•(,'.s simirlnl ,n null sin- H >1 - I diminsu. I.. g - L. grucdis, K i. - T inerassata. I,.a. t; 
oleosa, t s. - I: sneialis. Niiinhcis til l/iu tool ,->/ tuich >/,,*, a \ unlunin niur in ilir iniiil imnihi i of turn \nrvrsrtl ini 
linn spitvirs. 
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each sue 1 14 units until). Analysis was carried mil at 
Ihe silo level, nol the live level, because there were 
two or inure different live species per site and many 
trees had no or few calls. Two species. A. 
niiillt'i'iii'iihi and t. tivieoluiJes. were common 
enough lo examine (heir individual responses lo fire 
al I lie site level using A NOVA bill lire data were 
Iranslonned [l„ ix+1)] lo correct for skewness. The 
responses of A. malleeacolu and A tn'inilnkles to 
lire also were evaluated using individual trees as the 
units ol analysis. In this ease, binary presences and 
absences were analysed using Chi Square tests 
because galls were not abundant or widespread 
enough to satisfy underlying statistical assumptions 
til this level. All analyses were earned out using 
JMI> 00 (SAS Institute Inc., 0 1‘W.MJI) 

Results 

Apioitinrplia species rrrunlrtl 
A total of nine species ol Apiiniutrplni was 
recorded from the sites surveyed These were; A. 
ealvciiiti (Topper), A. densispitws» Chilian. A. 
furxchi Riihxaamen. A, mallceacnlu, A. ininuhi 
inallcatsis Gullau. A. oriivluiilcs. A. eesnloris 
(Tepper). /I, slnnnbyltisu (Topper) niul A. nrntilis 
(Tepper). All of these species have been collected 
pieviousiy from tnallee vegetation ill southern 
Australia (Tepper IK9.3; Gillian 1984a). 


Host-plain sprcijlai} of 'Apiomorphn 

One species. A. tU'iisispiitoxa. was recorded from 
just three siles and solely on E. dtmiosa but only six 
galls were found and none of these contained a live 
eoeeold. Six other of the nine species ol Apioinuiplia 
showed some degree of host-plum specificity (big. 
2). Galls of A. cnlyriini were found on lour of Ihe 
seven surveyed trees ol /-. inerussalti as well as on 
two oilier euealypt species. Galls id A. ktirmiii also 
occurred on three euealypt species, whereas A. 
iiimiiia mullet iiv/.v, A. rcf>tilaris, A. stnniil>xh>su and 
A. nnuilis each were recorded from only two 
euealypt species. However. 13 of the 14 trees that 
supported galls of A. wvulis belonged to H. gracilis, 
and nine of the 10 trees w ith galls of A siroinhylmv 
were E. sociulis , Only one species. A. ovim/i'hlex. 
was recorded on all live species of euealypt; it was 
the commonest species, occurring on 52 of the 140 
surveyed trees. The next most common species was 
A. miillct'Ui iila which was found on four species ol 
euealypt and on 37 of the 140 surveyed trees, 

Species richtU'sx anil ttluiiulunee uj Apiomorphn in 
ivlolinn In fire history 

All nine Apiinnorplni species were found at both 
hurnt and long-unbmnl sites. Burnt and long-unhurnt 
sites did not differ significantly in the number ol 
Apioworpha species recorded on survey trees 
(F,, ,=3.57. p-O.OK) (Table 2). AN OVA of the total 


I Mil 1. 1. Means per site ± I SI), til-with muse in parentheses, and nignitn’Oiice of different ex due lit file history m dnersils 
,,j Apiuinurpha species. mnnher of sails nf nil Apiommplia species, number oj sails of A. malleeacolu. mmrbel til sails 
of A. nvieoloides ami nunihei iif stills of all species imluilins A. malleeacolu and A ovieoloides. (Ax' A. niullceaool.i 
,i)nl A. ovieoloides, nnuni.s and noises’ tire from die row tltilti hot I and p mint's are Irani lnnisjtiinied diiltt, as 
ittilii turd by' >. 
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numbers i»l galls of females (live and deudi recorded 
from each sue indicated dial die lire history of the 
sites did ilol nffeel gall abiiwjurtces of ApitHiiniplw 
species (b ||t =3.%, />=().07) l iable 2). Bund and 
lone iiiihurnl sites did not differ in Hie percentage of 
live io dead Aphmmphir. 2.1V) of gulls at long 
unburiu sites and 1-\ c /i of galls at burnt sites were 
estimated to contain live coetdidk fcAccpt lor ,-l, 
niullePttt'olu and t inTiti/on/rr. I here were 
insufficient data for sintislical analyses based on 
individual species, although lor the thud most 
abundant species :\ umnlis. there were comparable 
populations ai hotli bilnti and loii.e-unbumt sites. 

i'oi A tviilli'i'Urpltr. ANOVA of the transformed 
abundance |t„ (x+l)| at each site indicated that 
numbers uf gulfs did not differ between burnt and 
long-imbumi sites (T, ,=0.40, /?=0..54) (Tabid 2), Chi 
SqiUUV analyses of presence-absence data for d, 
nuilltran>lii on individual trees also iniliented that 
Hie history did not affect the likelihood of finding A 
iililltt'i'ociiki gulls. (X~ { |w =f.W.)4 y>=0.S4). with galls 
beina present o|i 2 Vfr ol .ill trees sampled in long 
uiiburnl sites anil 2b',i of all Irees sampled al Inirnl 
sites. If lives of E. iiuvtmtmu on which /). 
nuilhtcucnla was never found, were excluded, the 
results remained very similar (pp 1 , ,,,=0.214, /r=li,b-l: 
gulls present on 3t>';> ol long uiilwnt trees and 2b' v 
ol burnt trees). Burnt and long-unburnL sites differed 
only slightly in the percentage of live to dead A. 
iinillnwcHlii: ilOf. of gulls at long-uiiburnl sites and 
V)‘a ol galls ai burnt sites were esiiniated to contain 
live cocci ticks. Aniong die burnt sites surveyed, there 
was no evidence that galls of \ umlkciu Wo wete 
more abundant at sites close to (range 1-14 with 
mean of 0 7 calls per sire), compared with distant 
from (range ll 2l with mean ol N.3 galls per silei. 
long uiihurni areas, 

lit contrast, for V nvKtiltmlrs. ANOVA of the 
transformed abundance |l„(x-t-l)| at each site 
indicated dial numbers of galls were significantly 
lovvei al burnt sites (I*,,.=11 37. /»—<).01) (Table 2). 
Burnt anti longunburnl siles differed only slightly in 
die percentage of live to dead,). <f\'i< tiloitlcx: IO'/f of 
galls ai long nnbiiini sites and 14% of galls at burnt 
sites were esumated to ctmiuiii live eoeeoids. Chi 
Square analyses of presence-absence tlaui for ,\ 
tn ii i>lnitlt 1 \ on individual trees also indicated that lire 
history affected the likelihood of finding ,4 
nw<c/mi/c' galls (JC.\| (s =tf;04. />=().003), with galls 
being present on 4P% of all trees sampled in long- 
unlnirm sites, hut on only 24% of burnt trees. Among 
the burnt sites surveyed, galls of A. oviciiloklev were 


slightly more scarce at sues 100-200 m Irom iinburni 
vegetation (range 0-3 wiilt mean of 2.0 gulls per sitet 
than at sites sevcinl km distant Irom long unlnirnt 
areas (range 1-8 with mean of 4.5 galls pci site). 

I f buih A. indllcrtu iilti and ■-) nvlcohiit/cs were 
excluded from the analysis of total numbers of galls 
ANOVA of die gall abundance at each site indicated 
dial numbers ol galls of the other species combined 
did not differ between burnt and long-uiibumi sites 
IP, ,,=<>23% p=0.54) (Tahlc 2). 

Mnfitiliiy 

rite original occupants of many of die ApiouunpUp 
galls that we recorded during our survey either had 
been killed by pnr.Lsinrids. probably wasps, oi 
removed by predators, prohably cockatoos and 
|Mm>tS. Sonic gulls had a single, large exit hole in the 
wall, providing evidence of the emergence of a dun- 
tailed wasp ('wiiewni'llu Dal la Torre (Plcromalidae) 
(Tillyaid l l )2b; Boueek l‘)XX; NutOTUinn l l Wll, add 
oilier galls hail malty liny emergence holes. Twelve 
galls Intel one side removed which is the typical 
appearance of a gall opened by a hud. Mortality ol 
die latter kind was twice as common in die long 
imburnt ales as. in die burin sites, but there Were loo 
lew galls damaged in Ibis wav to determine whether 
the difference had sftuisticttl significance. Matty 
other galls were brown and obviously dead but 
generally we could not determine the cause of death 
A lew other galls were deformed by mqtuliiics. dial 
is. oilier insects bail occupied the gall tissue or the 
cavity but had not directly killed the Apitimorpha 
female. The identity of the inquilines was not 
determined because those still occupying die gall 
Were either diplcran or hyinenopieran larvae and no 
rearing to adults was attempted. 

Discussion 

lit the event of lire, season of burn is believed to 
have the greatest influence on the plant composition 
ol' malice communities, with frequent autumn fires 
causing substantial mortality of malice euculypls 
(Noble 14X2. lOH 1 )). Continuous canopy growth ol 
malice etiealypts can ocelli' otter a summer wildlife 
itpd may lx- dtle to Ibe absence ol phytophagous 
insects (Noble 1VS2), I ire frequency (the interval 
between lirusi is Believed to have the most important 
long-term effect on malice fauna because most 
animals adapt not to lire itself but lo the l'lorisiie and 
structural features ol the plant communities that 
result from different liie regimes (l aud Conservation 


Pig 2. Hasl-plattl specilieirv ut AphiHMfphu plotted as die percentage ut the surveyed trees nl each eiiculvpt species ihai 
supported galls ol Icinalesol each Aptiwo/plhl species: Liiial species: /..J. = I. g. ; l lirdt iJlw I. i. 

- I: nb lrj-will/l, l~,f ~ I cdf'tOfl, / V - E. VtKUllfS, 
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Council 14X7). 101 invertebrates, which generally 
exhibit seasonal acliv il>, inappropriate lulling «UH* 
panieulnrly frequency of Hire can have damaging 
consequences fur populations (Land Conservation 
Council 14X7. friend .t Williams |44(ij. For at Icosi 
some Trioilitt malice coimiHifiilies, it has been 
suggested that lhe natural lire frequency is unlikely 
to exceed mote than one lire every 15-30 years 
because of die lime required lor fuel loads to 
uiLfiiuillnic (Noble 14X4). At Dunggali Conservation 
P,irh. many o| (he mullee sites that we studied bint a 
Tiitiiliii understorey and d had been 10.5 years sinev 
wildfire had destroyed our burnt sites. Tims, il 
populations of Apiofnurplui s|veeics in burnt sites 
could be shown to have lecovercd to pre-hum levels 
the probable natural lire frequency of 15-30 years or 
inure would he unlikely to have any Innp-mrtn 
detrimental effects on populations of Aphninnplui. 

I he main fadings ol out siiivev were dun thelong- 
linbutnt sites rli.l mH ilrlTei in species richness inn in 
total abundance of \pimm>rplni calls from sik-s burn I 
10 5 yeats ayo. hut that the incdiuiu-tei rn cl feel of 
liic mas vary lor ijilic-reiii Apinmorplhi species. Fm 
the Ivvi' species |h;ir wete common oiii.HJgh to allow 
analysis nHilteir abundance in tcUitiun to file history, 
one i.-t, iiuillt-TdtvIu) was equally abundant in bin ni 
and long-unhurnL sites, whereas the oilier (4 
ovu I'UmUs) w.is significantly less abundant at the 
burnt sites. Indeed, for A. rn uultiulrs, re 
esUililishmeni at burnt sites was low even where n 
source of potential colonists was just across a 10 nt 
w ids toad I or ihis species with slow oi limited post 
file le-t siablislmieiii. the effect of anodic) lire in the 
neM live hi 10 years might be virtual extinction, 
especially if no old-glowth malices, Ihut may serve 
as lire relugia lilt sneh insects., survive the lire The 
exmservation of long-uiihurnl areas of innllec should 
be a management prionly. Slittilally. I riend <V 
Williams (1406) have emphasised the importance ol 
lire management to protect lin.’-.xenxinvc species and 
habitats Iriini nio-frequern fires in mallec-lieatli 
shrublUnds of south-western Austialiu. 

In contrast A. innlircociihl and the third most 
common species, A. iiniiilix, had rc-esiahlished 
populations equivalent to those recorded in long 
unhnrnt sites at sites burnt 10.5 years previously 
(although the number of records for A urnalix were 
insullieicnt for statistical analysis), In addition, there 
were no obvious file effects on re-establishment ot 
the oi her siv \pitinnirplw species but numheis of 
mill- observed, at both burnt and long-unburnt sites 
lor each species, generally were low compared with 
t iiuiIIcl'iIliiUi Re-colonisation had occurred at 
burnt sites dial were 10 km or more distant from the 
neatest stands of Ipng unhurnt mallee For v.igile 
species, the post-lire, tlusli of growth may he 
beneficial to gall establishment. This suggestion is 


supported by the observation that in ttihei 
environments, galls of Apimn/irplui appeal to Ite 
m»ic abundant op young mid leyvowth enealvpis 
ihim on the foliage ol older Irees (1 .elitclon i'c 
Vaarwerk 1447: P .1 Gillian pers. obs. t. Although 
this impression may he eieaicd l\v sampling bias tax 
it is easier to search low loliagcot saplings and small 
trees than the canopy of more mature trees), oik 
glasshouse retiring has show n that I lie firsMnstar 
nymphs will initiate galls only on the new foliage of 
actively growing shoots. In unotliei study (Yen 
14X4). the abundance of phytophagous insects 
especially sap-sucking species, lias been shown to K 
higher on coppice than minute malice, perhaps 
because young leaves and shoots are more nutritious 
Ilian old foliage jnd coppice trees have more young 
grovvlh limn rnaluic malices. 

Some Apitwiiirplui species exhibit host-plant 
preferences For certain cuculyin species, both \ 
rrgq/iiWv and A. vnvmi/iWo.vn occui-red only on two 
cuealypl species, .uu-iulis and / n/cwil. which an 
closely related species - both are in the series 
Suhulatae of Liiiulvpiii\ (Chippendale I4KX) Galls 
of A. inmiihi nullh j (‘ hm\ were louiid only on L. 
(hitwui and i g/vir/lfs. which are in different series 
(Chippendale |4XX), l\Vo very closely related 
Apinwiirplw species. A mlxiinii and /V. ui nulls 
(Cfullaii !4X4a. L.G < nok nnpnh.i. showed very 
different host preferences. Thirteen of the I ! 
surveyed trees with galls of t i pviilix were / 
pnn ills, whereas galls of A. nihrhw were moq 
common on i hivrtixstiUi and never occurred on /. 
t ‘rtirilix Since (lie two most common Apinnnnvlui 
species, A, tiuillt?t<H <>l(i ,lnd A. or iiiilonlc v also luwl 
the broadcM host-plant ranges. dilVcteiices in the 
occurrence and abundance ol these two species in 
relation to the lire history of sites cannot be 
attributed to any variation in the composition of 
eueuly.pl species among sites. Instead, population 
differences among Apminorplni species ill iclafnm to 
the fire hisloiy ol’ sites may he best explained hv 
differences in their piiipensily to disperse, flic 
crawlers of some l phnnnrphn species rn.iy disperse 
more readily to new trees than those of other species 
There is ample evidence that liisU-luslar scale insects 
iif lithe! groups are dispersed passively by the Wind 
and, even though mortality is very high, may be 
carried for distances of a lew in to several km. and 
more rarely a lew hundred km. from the natal trees 
(reviewed by Pedgley I4S2. Greatliend |44tt; Hanks 
& Itentio 1447). Some scale insects crawlers have 
been reported to orientate downwind and stand oil 
tlieil hind legs with antennae and fore legs 
outstretched (Washburn & Washburn I4K4 
Washburn & Frankie l‘)X5. Gi'cutliead 1440) Such 
behaviour probably ensures their dislodgeineiu and 
dispersal by wind The crawlers ol a lew species ol 
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/ilia have been observed displaying sjmilai 
behaviour uniter glasshouse conditions (I.. G Conk 
unpuh.i. A/iinnifiipha species may differ in llicii 
propensity eitlier to disperse Actively limn the host 
plum oj remain u|) I l ie uutul live. In conlrusi to I he 
majority ul A/ihmioriilni species, it is extremely 
difficult 10 esttihiish inlesfiilinns of A mullcMht>ht, 
A ailwuut and A unujlix by re leasing crawlers mi to 
polled cuenlypis ip a glasshouse <1. G, Cook 
unpuh, i; this suggests that at least some crawlers oi 
I lie killer speeies may exhibit obligatory dispersal 
behaviour and. in ilie glasshouse., may suicide by 
actively depaiiiiu' from the only suitable host planl. 
Cutler natural conditions, however, natal trees 
probably would be surrounded by other suitable 
hosts, especially in malice vegetation. 

Dispersal ability may relate to morphological 
.adaptations as well es- behavioural ones, the 
llatleucd bodies and two or more long, filamentous 
caudal selae of scale insect crawlers are believed to 
enhance their dispersal potential |Wt|inluHixc |0H(); 
i’cdgloy I*>H2). Thus differences in body si/e ami 
shape may parity account lor differential dispersal 
among species. The crawlers of Apinmurphu have 
llnllened, oval to subcircular bodies fringed with a 
continuous row o| marginal setae (Gillian Ibx-lni. in 
addition, the surface area of each marginal seta is 
extended by a Ihiu sheet of waxy secretion 
(analogous in general appearance to the vatic from 
Ihe shall of a feather) The llrsi-iiistai nymphs of A. 
ovHnloiilcs are about i ho same length as. hut 
narrower 1 1US-225 pm at widest pari) than, those ol 
.A, mallretttvlu (205-280 pm wide), although the 
marginal seine are approximately equal in length 
f34-44 pun on both species (I, G. Cook ItlTpuh.), II 
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dispersal ability in Apimmrptui is correlated with the 
surface area of the body of the crawlers, the 
differences in abundances of A. inulk'tiivnla and A. 
inirolnitlrs in burnt and long-iinbtirni sites may be 
attributed at least in part lo differences in llie st/c ami 
shape of their crawlers. 

Selection for both active dispersal bebavioui and 
body morphology Dial favours passive drill may 
occur in scale insect species dial occupy 
unpredictable or temporary habilnis, as has been 
suggested for armoured scale insects that feed on 
short-lived versus long lived host plants (Greatliead 
IWO), II Ibis hypolltesis is valid fur A piumvipha. 
I hen some species, such as A. nuilkiwula. can bo 
postulated to be better adapted to the vagaries of hie 
in the maljee environment. 
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